Prismatoolithus spp., Spheroolithus spp.). These ootaxa are referable to at least two ornithopod and five small theropod species, likely including dromaeosaurids, oviraptorosaurs, and troodontids. When considering the taxonomic affinity of eggshells and skeletal remains, the present study triples the known dinosaur diversity of the Willow Creek Formation, increasing the number of dinosaurs from three to at least nine species. Probable ornithopod eggshells comprise most of the eggshells preserved, although small theropods were likely an important component of the Willow Creek ecosystem as most ootaxa can be ascribed to these dinosaurs. Although fossil bones are rarely found in the Willow Creek Formation, fossil eggshells are common compared to most other dinosaur-bearing formations in Alberta. The caliche-bearing deposits,
Formation have produced a small number (n~150) of eggshell fragments, recovered primarily from vertebrate microfossil sites (Zelenitsky and Sloboda 2005) . In contrast, at the Devil's Coulee locality (200 km south of Dinosaur Provincial Park), the upper Oldman Formation has yielded a considerable number of dinosaur embryos and eggs, as well as countless eggshell fragments (Horner and Currie 1994; . The stratigraphic position of these localities restricts all known fossil egg remains in Alberta to a narrow temporal interval, ranging between 76.7 -75 Ma (Horner and Currie 1994; Eberth pers. comm. 2016) . Although stratigraphically younger deposits (e.g. Horseshoe Canyon and Scollard formations) leading up to the Cretaceous-Paleogene (K-Pg) boundary are well known for preserving dinosaur bones in Alberta, eggshell has yet to be described from this stratigraphic interval. Similarly elsewhere in North America, egg remains are relatively abundant in Campanian age strata of the Western Interior but are poorly known from Maastrichtian deposits (Jensen 1966; Carpenter and Alf 1994; Bray 1999; Jackson and Varricchio 2016 ).
Here we report the discovery of hundreds of dinosaur eggshell fragments from several uppermost Maastrichtian sites in the Willow Creek Formation (upper Maastrichian-lower D r a f t 5 Paleocene) of southwestern Alberta, a unit characterized by apparent low dinosaur diversity and few skeletal remains. These eggshell specimens reveal the presence of a considerably greater diversity of dinosaurs in the formation than previously recorded (Brown et al. 2015) , particularly with respect to small-bodied theropods. They also significantly expand our understanding of the diversity and distribution of latest Cretaceous egg taxa in the Western Interior of North America.
Geologic setting and fossil localities
The Willow Creek Formation is an eastward-thinning (320-1350 m thick) terrestrial clastic wedge that formed in response to Laramide orogenic pulses during the late Maastrichtian and early Paleocene (Tozer 1956; Mack and Jerzykiewicz 1989; Jerzykiewicz 1985 Jerzykiewicz , 1997 .
Regionally, it correlates with the Scollard and Coalspur formations of Alberta, the Frenchman and Ravenscrag formations of Saskatchewan, and the Hell Creek, Lance and lower Fort Union formations of Montana, North and South Dakota, and Wyoming (Hamblin 2010) . Exposed in the southern foothills of Alberta, the Willow Creek Formation consists primarily of interbedded mudstone and fine-grained, laterally extensive sandstones deposited in an alluvial fan-to-fluvial setting along the eastern margin of the Rocky Mountains. Subdivided into two informal units, with the K-Pg boundary occurring near their contact, the lower (Cretaceous) part of the Willow Creek Formation is characterized by alternating red, green and purple mudstones containing pedogenic caliche nodules and hardpans, whereas the upper (Paleocene) part is dominated by dark grey mudstones and thick sandstones. The differing units record a transition from a semiarid climate in the lower unit to more humid conditions in upper unit (Jerzykiewicz and Sweet 1988; Jerzykiewicz 1997) .
The fossil record of the lower Willow Creek Formation is relatively sparse (Braman and Sweet 1990; Jerzykiewicz 1997; Hamblin 2010) . Known dinosaur diversity is low in comparison to contemporaneous end-Cretaceous formations (e.g. Frenchman, Hell Creek, Lance and Scollard formations) from the Western Interior, with only three dinosaur species known, including Tyrannosaurus rex and indeterminate species of Hadrosauridae and Leptoceratopsidae (Brown et al. 2015) . The low diversity of skeletal remains is partially a consequence of the low number of skeletons represented, but may also be attributable to preservational biases related to the depositional environments (Jerzykiewicz 1997) , and perhaps to less intensive field study of the formation.
Despite the paucity of skeletal remains in the Willow Creek Formation, hundreds of fossil eggshell fragments, studied herein, have been recovered at nine individual sites from three general areas in southwestern Alberta (Fig. 1) . The eggshells are preserved in overbank deposits, primarily light gray mudstones that contain small carbonate nodules indicative of paleosols, in contrast to skeletal remains that are usually preserved in channel sandstones (Abler 1984; Jerzykiewicz 1997; FT pers. obs.) .
Materials and Methods
Approximately 600 eggshell fragments from the Willow Creek Formation were classified into various morphotypes based on macro-and microscopic features observed using a binocular microscope. Several shell fragments of each type were selected for examination with petrographic and scanning electron microscopes (SEM). Individual eggshell fragments were cleaned in an ultrasonic bath prior to examination with an FEI Quanta FEG 250 field emission SEM. Inner and outer surfaces, as well as freshly fractured radial surfaces were examined. Radial D r a f t 7 thin sections of each morphotype were produced for examination and photography of their microstructure using a Leica DM 2500P polarizing microscope. Thicknesses of the various eggshell morphotypes, both including and excluding ornamentation as applicable, were measured with calipers.
The eggshells were classified based on their morphological characteristics, according to a parataxonomic scheme for fossil eggs (Zhao 1975; Hirsch 1994) . . The long axis of the nodes and ridges on the outer surface are oriented in the same general direction, as is typical of elongatoolithid eggs (Zhao 1975) . The thickness ratio between the continuous and mammillary layers is 7:1, although it might be slightly lower because the basal part of the mammillae is eroded. The thickness ratio reported for C. canadensis ranges from 4:1 to 11:1 (Hirsch and Quinn 1990 ).
TAXONOMIC AFFINITY: The ootaxon Continuoolithus has never been found associated with identifiable embryos (Horner, 1997; Zelenitsky 2000) , although the eggshells have two structural layers typical of non-avian theropods. Continuoolithus has eggshell characteristics that are similar to those of elongatoolithid eggs (Hirsch and Quinn 1990; Zelenitsky 2000) , which have been ascribed to oviraptorosaurs, based on associated embryonic and adult skeletal remains from China and Mongolia (Norell et al. 1994 (Norell et al. , 1995 Dong and Currie 1995; Clark et al. 1999; Sato et al. 2005; Cheng et al. 2008; Weishampel et al. 2009; Fanti et al. 2012; Wang et al. 2016 ).
Oogenus Porituberoolithus Porituberoolithus warnerensis ( Fig ornamentation. This thickness range encompasses that of P. warnerensis from the Oldman Formation , and is slightly thicker than Porituberoolithus sp. from the Fruitland Formation (Tanaka et al. 2011 ). The ornamentation is well developed as it makes up approximately 25-40% of the entire shell thickness. The outer surfaces of most fragments are covered with isolated nodes that are circular, oval, or teardrop-shaped in plan view, and occasionally two nodes join to form short ridges. Pore openings are located at the peaks of the nodes ( Fig. 2A) . Occasionally, the nodes are slightly flattened and the interior of the node is eroded, which may be artifacts of weathering. The pore canals are straight and tubular. The thickness ratio between the continuous and mammillary layers (excluding ornamentation) is between 1:1 and 2:1 (Fig. 2B ).
TAXONOMIC AFFINITY: The oogenus Porituberoolithus has yet to be found associated with skeletal remains, although the two-layered microstructure identifies it as non-avian theropod.
Oofamily Prismatoolithidae Hirsch, 1994 Oogenus Prismatoolithus Zhao and Li, 1993 Prismatoolithus cf. levis Varricchio et al. 2002) . The outer surface is smooth, but the pore pattern is not visible. Slender shell units are visible in radial view, and the prismatic layer to mammillary layer thickness ratio is about 5:1, similar to P. levis (~6:1) (Varricchio et al. 2002) .
TAXONOMIC AFFINITY: Eggs of the ootaxon Prismatoolithus levis have been ascribed to
Troodon formosus, based on associated skeletal remains from the Two Medicine Formation of Montana (Horner and Weishampel 1996; Varricchio et al. 1997; Varricchio et al. 2002) , an ootaxon that has also been described from Devil's Coulee .
Oofamily Prismatoolithidae Hirsch, 1994 Oogenus Prismatoolithus Zhao and Li, 1993 Prismatoolithus sp. Varricchio et al., 2002) . The outer surface is D r a f t 11 smooth, displays relatively large, circular pore openings (Fig. 2C) , and lacks the double pores in depressions diagnostic of Prismatoolithus levis . Slender shell units are visible in radial view and the thickness ratio between prismatic and mammillary layers is 5:1 (Fig. 2D ), similar to P. levis (~6:1) (Varricchio et al. 2002) .
TAXONOMIC AFFINITY: These eggshells are about half the thickness of Prismatoolithus levis and lack the double pore openings on the outer surface. Considering these differences, these eggshells likely represent a different troodontid species, or perhaps another non-avian maniraptoran.
Oofamily Montanoolithidae Zelenitsky and Therrien, 2008 Oogenus Montanoolithus Zelenitsky and Therrien, 2008 Montanoolithus cf. strongorum Zelenitsky and Therrien, 2008 ( Oofamily Spheroolithidae Zhao, 1979 Oogenus Spheroolithus Zhao, 1979 Spheroolithus cf. choteauensis are the most abundant (n ~ 415), occurring at all sites. Eggshell fragments range from 0.40-0.93 mm in thickness, the lower limit of which is thinner than the 0.66 mm reported by Jackson and Varricchio (2010) , which may be due to extreme weathering of some fragments.
The outer surfaces of the eggshells are usually coated with thin layers of milky translucent calcite, which obscures most surface features. An anastomosing pattern of ridges is apparent on the outer surface of some fragments (Fig. 3A) ; however, most are slightly undulatory to smooth, although it is uncertain if these surfaces are weathered. Pore openings are occasionally visible on the external surface of fragments. The shell units are parallel sided or flare slightly toward the outer surface. Spherulitic structure as described by Jackson and Varricchio (2010) is often prominent in the inner 1/3 of the shell units, but also can be seen to extend into the outer layer of horizontal accretion lines (Fig. 3B) . The individual mammillae are broad, with large interstices on the inner surface. Basal plate groups or eisospherites are sometimes preserved on the mammillae. D r a f t 14 TAXONOMIC AFFINITY: The oogenus Spheroolithus has been assigned to hadrosaurs based on its co-occurrence with embryonic remains of the saurolophines Maiasaura (Horner and Makela 1982; Hirsch and Quinn 1990; Zelenitsky 2000) and Saurolophus (Dewaele et al. 2015) .
However, it is probable that spheroolithid eggs were produced by a more inclusive clade, such as Ornithopoda, because Spheroolithus eggshells are known from the Upper Jurassic Morrison Formation , which represents a time period that precedes the appearance of hadrosaurs. The Willow Creek eggshell assemblage, consisting of seven oospecies, can be ascribed to at least two ornithopod and five theropod species. The thickness of the theropod eggshells indicate the animals were of relatively small (<100 kg) body size (Tanaka et al. 2016) , and their microstructures reveal they likely belonged to dromaeosaurids, oviraptorosaurs, and troodontids.
Discussion
Although small theropods are currently unreported from the Willow Creek Formation, their presence is not unexpected because these dinosaurs are known from the contemporaneous Frenchman, Hell Creek, Lance, and Scollard formations (Weishampel et al. 2004) . Taxonomic overlap between the described ootaxa and known skeletal remains (T. rex, hadrosaur, and leptoceratopsid) from the Willow Creek Formation is limited to a single taxon (Ornithopoda). As such, this study increases known dinosaur diversity of the formation from three to at least nine species, tripling the previously known diversity recorded from skeletal remains alone.
The relative abundance of the various Willow Creek ootaxa indicates that ornithopod eggshell is much more common than theropod eggshell in the formation, although theropod eggshells are more diverse. The Willow Creek eggshell assemblage consists primarily of Spheroolithus (86%), followed by Porituberoolithus (8%), Prismatoolithus (5%), Continuoolithus (<1%), and Montanoolithus (<1%), revealing that most (86%) of the eggshell collected probably belongs to ornithopods. This trend is the opposite of that calculated at other individual eggshell sites where the percentage of theropod eggshell ranges from 87% to 100%, including sites from the Dinosaur Park Formation of Alberta (Zelenitsky and Sloboda 2005) , the Fruitland Formation of New Mexico (Tanaka et al. 2011) , and the 'lower formation' of the Sasayama Group of Japan (Tanaka et al. 2016) . Although ornithopod eggshell is more prevalent as expected, it is evident that small theropods were diverse and thus formed a significant part of the Willow Creek ecosystem, even though they are still unknown from skeletal remains. (Currie 1988) . The arid to semi-arid climate indicated by the presence of pedogenic caliche nodules in both formations (Jerzykiewicz 1997; Currie 1988) , would have promoted the preservation of calcium carbonate fossils, potentially yielding a higher abundance of dinosaur egg remains. In contrast, the relatively more humid conditions of the Dinosaur Park Formation (Eberth 2005) , which preserves abundant skeletal material including hatchling remains but few eggshells (Tanke and Brett-Surman 2001) , produced a taphonomic bias against eggshell preservation (Carpenter 1982; Currie 1988 182x69mm (300 x 300 DPI)
